Adnexal masses are commonly encountered in gynecologic practice and often present both diagnostic and management challenges. This is partly because of the fact that the majority of adnexal masses that are identified represent benign entities that do not necessarily require active intervention, yet a small subset will represent malignant processes that require both timely and appropriate surgical intervention for optimal outcome. To determine the best diagnostic and management strategies in this setting, physicians must effectively triage risk for malignancy by having a thorough understanding of the entities on the differential diagnosis and carefully considering the clinical context for each individual patient. Optimal selection and interpretation of diagnostic tests are enhanced by both an accurate clinical risk assessment and an understanding of the inherent accuracy of diagnostic tests considered in this setting. The purpose of this document is to provide clinicians with a practical strategy for distinguishing benign and malignant masses in the nonpregnant woman. Our approach addresses the critical elements of accurate risk stratification, reviews the performance of diagnostic tests for identifying malignancy, and offers evidence-based management algorithms to optimize outcomes for women with adnexal masses.
O varian cancer is the most lethal of the gynecologic malignancies, with an overall 5-year survival rate of less than 40%. 1 The high mortality rate has been attributed to an inability to detect ovarian cancer during its early stages; however, this mortality rate varies substantially according to the histologic features of the tumor. These sobering statistics have led to efforts to develop approaches for the early detection of ovarian cancer in hopes of reducing the morbidity and mortality. 2 Generally, if an adnexal mass is considered to have an appreciable risk for representing a malignancy, then surgery is indicated. However, adnexal masses are a common finding among women and often present both diagnostic and management challenges because the majority represent benign or nonmalignant entities that do not necessarily require active surgical intervention. To determine the most appropriate diagnostic and management strategy for the woman identified to have an adnexal mass, physicians must effectively triage risk for malignancy by carefully considering the clinical context for each individual patient.
At this time, there are no accepted effective screening tests to identify women with ovarian cancer, partly because of the low prevalence of ovarian cancer in the general population 3 and the inherent biology of the cancer. 4, 5 In the absence of effective screening tools, adnexal masses may be detected by the annual pelvic examination, during a work-up of women presenting with symptoms, or as an incidental finding on imaging studies obtained as part of a diagnostic work-up for an unrelated health condition.
Why should we make a major effort to discriminate benign from malignant masses? For women with significant symptoms in whom surgery may be appropriate, the principal reason is to facilitate referral to clinicians who have specialized training in managing ovarian cancer. For asymptomatic or minimally symptomatic women, discriminating benign from malignant disease will enable appropriate and timely management and avoid needless diagnostic procedures. 2 
CLINICAL RELEVANCE
Adnexal masses are a common finding among both premenopausal and postmenopausal women, and yet an accepted definition for what constitutes an adnexal mass does not exist. Partly for this reason, accurate statistics on their incidence are not available; however, nearly 10% of women at some point in their lives will undergo surgical evaluation for an adnexal mass or a suspected ovarian neoplasm, 6, 7 resulting in an estimated 60,000 surgical excisions in the United States per year. 6 The majority of adnexal masses prevalent in the population, however, are benign, with only a small percentage of patients harboring an ovarian malignancy. Whereas one of the main goals of the initial diagnostic evaluation for the adnexal mass is to exclude malignancy, a closely related goal is to differentiate the adnexal masses that require active surgical intervention from those more appropriately managed medically or observed.
CLASSIFICATION AND CLINICAL PERSPECTIVE
The differential diagnosis of the adnexal mass includes both gynecologic and nongynecologic entities. Of the gynecologic sources, diagnostic entities can be broadly separated into functional or physiologic, inflammatory, or neoplastic (Box 1).
Functional ovarian cysts arise from an unruptured follicle or from the cystic degeneration of the corpus luteum, ultimately undergoing atresia or involution. Occasionally, a hemorrhagic cyst develops and may evolve slowly into various stages of acute hemorrhage, clot formation, and clot retraction, thus giving rise to changing sonographic appearances until they completely resolve. 8 Although the concept of a physiologic cyst in a postmenopausal woman is rare, ovarian follicles at various stages of maturity can arise in the amenorrheic perimenopausal woman.
Endometriosis is a relatively common gynecologic entity in women of reproductive age and occurs in 10 -15% of menstruating women. It is characterized by proliferation of glandular and stromal endometrial cells outside the uterus; the inflammation and anatomic distortion associated with this condition can give rise to problems of dysmenorrhea, dyspareunia, and infertility. Whereas endometriosis may manifest in many forms, the most common sonographically detected lesion is the ovarian endometrioma, or chocolate cyst. Like the hemorrhagic functional cyst, the sonographic appearance of the ovarian endometriomas can vary, often demonstrating internal echoes resulting from the breakdown of blood products.
Hydrosalpinx is a cystic dilation of the fallopian tube that may occur either as a consequence of a pathologic process that leads to distal tubal occlusion (eg, previous pelvic inflammatory disease, endometriosis, fallopian tube carcinoma, or tubal pregnancy). There also may be no obvious precipitating factors. Sonographic features in the absence of malignancy include a tubular shape that often also demonstrates incomplete septations or short linear projections.
Within each type of neoplasm, tumors can be benign or malignant based on their inherent capacity to invade and metastasize and are further broadly classified according to the cell type from which they originate. 2, 6, 7 Epithelial tumors also contain a subclass of "borderline" or "low-malignant-potential" tumors that are histologically and biologically unique. Important differences in the clinical characteristics of the ovarian neoplasms exist (Table 1) .
Benign neoplasms are the most common ovarian tumors within any histologic subtype, with serous or mucinous cystadenomas arising from the ovarian epithelium, fibromas and fibro-thecomas arising from the ovarian stroma, and mature cystic teratomas arising from the ovarian germ cell. Epithelial tumors are the most common form. They account for 60% of all ovarian neoplasms and up to 90% of primary ovarian cancers. Sex-cord stromal tumors account for 10 -15% of all neoplasms; germ cell tumors account for 25% of ovarian neoplasms, the majority of which are benign. 2, 6, 7 The biologic behavior of the ovarian malignancies differs substantially. Nonepithelial cancers typically present at an early stage, often with bulk symptoms related to large masses and high associated 5-year survival rates (Table 1) . By contrast, the majority of ovarian cancer deaths are attributed to epithelial ovarian carcinoma. 5, 6, 9 However, studies have shown that epithelial ovarian cancer is not a single disease but is composed of two biologically distinct groups of tumors that can be classified based on their morphologic and molecular features. 10, 11 One group of tumors, designated type I, are low-grade and behave in a much more indolent fashion. These tend to remain confined to the ovary for long periods of time despite often achieving large size. They are relatively genetically stable but molecular and histologic analyses suggest an evolution through a stepwise mutational process from borderline epithelial neoplasms. In contrast, type II neoplasms are highly aggressive and include conventional high-grade serous carcinoma, undifferentiated carcinoma, and malignant mixed mesodermal tumors (carcinosarcoma). Unlike type I epithelial ovarian cancer, these lesions appear to arise as de novo events, rather than from precursor lesions, and often disseminate rapidly. They typically present at an advanced stage and it is these tumors that are responsible for the majority of ovarian cancer deaths. 9, 10 By necessity, any effective strategy designed to reduce the overall mortality attributable to ovarian cancer must focus on identifying type II epithelial ovarian cancer.
RISK FACTORS FOR OVARIAN CANCER Age
Age is the most important independent risk factor for epithelial ovarian cancer. Epithelial ovarian cancer is infrequent in women younger than 40 years of age. Incidence and mortality increase sharply after menopause; the average age at diagnosis is 60 years, and a peak rate of 57 per 100,000 women is seen in their early 70s 12, 13 (Table 2 ). In general, type I epithelial ovarian cancer occurs much more commonly in younger women than type II epithelial ovarian cancer. 6, 7, 12, 13 For example, sex cord stromal tumors and germ cell tumors are found more commonly in younger women who are premenopausal. 2, 6, 7 Although ovarian cancer is relatively rare in young women, when it does occur it is more likely to be a more indolent type I epithelial or a nonepithelial subtype (Table 1) .
Family History
Up to 10% of women with ovarian cancer have inherited a germline mutation in a tumor suppressor gene that places them at increased risk for the disease. 14 Of the inherited ovarian cancers, more than 90% result from BRCA1 or BRCA2 germline mutations, and the remaining 10% result from mutations that are associated with Lynch syndrome (hereditary nonpolyposis colorectal cancer syndrome) or are unexplained. These mutations increase a woman's lifetime risk ovarian cancer up to approximately 40 -45% (BRCA1) and 10 -20% (BRCA2 and HNPCC). [15] [16] [17] Even among women harboring BRCA1 and BRCA2 genetic mutations, risk for malignancy is still highly dependent on age, with ovarian cancer rates less than 1% in carriers younger than 40 years old (Table 3 ).
In the absence of formal genetic testing, family history can still allow insight into risk. Compared with the lifetime risk of 1.6% for the general population, a woman with a single first-degree family member affected by ovarian cancer has a 4 -5% lifetime risk. 18 In cases in which there are two first-degree relatives, a woman's risk increases to 7%, with a nonnegligible subset of these families demonstrating evidence for an identifiable predisposing genotype such as a BRCA1 or BRCA2 mutation.
Most hereditary ovarian cancers arise from mutations in either the genes BRCA1 and BRCA2 or the mismatch repair genes as in hereditary nonpolyposis colorectal cancer syndrome, both of which are inherited in an autosomal-dominant fashion and are thought to function as tumor suppressor genes. Because patients with a hereditary genetic predisposition have additional characteristics in their personal and family history that can identify them as potential carriers, the American College of Obstetricians and Gynecologists (the College) has suggested referral for formal genetic risk assessment in sufficiently at-risk individuals. 19 Features suggestive of such mutations in an individual family include:
• Multiple relatives with breast cancer, ovarian cancer or both (as in BRCA1/2) or colon and other gastrointestinal, endometrial, or pancreatic malignancies (as in hereditary nonpolyposis colorectal cancer syndrome), often with a predominance of early-onset cases.
• Women with more than one primary cancer, such as bilateral breast cancer or breast plus ovarian cancer.
• Cancer being diagnosed in a family member younger than age 50.
• Evidence of vertical transmission in two or more generations (consistent with autosomal-dominant inheritance).
Clinicians must also consider the many potential limitations in ascertaining genetic risk when obtaining a family history, which include:
• A patient's limited knowledge about her family clinical history.
• Families that are not highly informative because of small or few female members.
• The variable penetrance of the phenotype within individual families harboring deleterious mutations.
Symptoms
Several case-control studies have found that women with ovarian cancer commonly experience a pattern of symptoms that include bloating, pelvic or abdominal pain, difficulty eating or early satiety, urinary urgency or frequency, or constipation. 20 -24 These symptoms are more commonly associated with ovarian cancer when they are newly experienced and also if they occur more than 12 times per month. 21 A scoring system based on these data, termed the ovarian cancer symptom index, has been promoted as a potentially useful screening tool, 18 albeit with positive predictive values of less than 2%. 25 Whereas symptom assessment may not be an efficient screening tool for the general population, persistent symptoms such as those described in a woman identified to have an adnexal mass should raise one's index of suspicion for malignancy.
Other Epidemiologic Associations
Additional risk factors associated with an increased risk for ovarian cancer include reproductive and hormonal factors such as nulliparity, early menarche, and late menopause. 26 -28 Although infertility is identified with associated increased risk, recent evidence suggests that fertility drug use is not an independent risk factor for ovarian cancer.
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UNDERSTANDING THE DIAGNOSTIC STUDIES
The likelihood of a malignancy varies among women with an adnexal mass based on a number of clinical, genetic, and epidemiologic risk factors. This pretest probability, in turn, affects the positive and negative predictive value of any given diagnostic test. 31, 32 As such, the selection and interpretation of diagnostic tests obtained must be considered in the context of each individual's pretest probability for harboring malignancy. Appropriate clinical decision-making is further enhanced by an understanding of the inherent accuracy of each diagnostic test considered. Unfortunately, published studies of the accuracy of available diagnostic tests with respect to ovarian cancer report widely varying results and interpretation of the literature in this regard can be complex. A large proportion of the reported differences in test performance relate to differences in the prevalence of ovarian cancer in the populations included in these investigations. For example, positive predictive values that are reported from screening studies in the general population of women will differ substantially from those seen in a population of select postmenopausal women with known adnexal masses who are awaiting surgery. For the purposes of this review, care is taken to distinguish between reports generated from screening studies, which are presented for illustrative purposes, from studies that focus on women with known adnexal masses.
Pelvic Examination
As a screening tool, the traditional pelvic examination performs poorly. 33 An adnexal mass that is identified in an asymptomatic woman during annual screening pelvic examination has a far greater probability of representing a benign process than a malignant one, with a reported positive predictive value of only 0.4%. 2 The low positive predictive value is mainly attributable to the low prevalence of ovarian cancer in the general population; moreover, the predominance of benign disease identified through annual screening pelvic examination underscores the observation that screening programs are biased to detect prevalent lesions with indolent biology. 34, 35 Pelvic examination features such as nodularity or irregular contour, solid consistency, and fixed position suggest malignancy; however, studies evaluating the ability to distinguish benign from malignant disease by pelvic examination features from women with known adnexal masses awaiting surgery also report disappointing results. 36, 37 Slightly higher positive predictive values are seen in the postmenopausal population of women 2, 33 and in women with relevant symptoms, as delineated by the ovarian cancer symptom index.
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Imaging Studies: Ultrasonography, Two-Dimensional, Three-Dimensional, Doppler, and Scoring Systems Conventional gray-scale transvaginal ultrasonography is the most common imaging modality used to evaluate adnexal structures. High-frequency transvaginal probes allow a detailed morphologic view of the adnexal structures, whereas color Doppler techniques allow analysis of vascular flow characteristics within the mass. Ultrasonography generally is considered a highly sensitive test for identifying an adnexal mass, with a somewhat reduced specificity with respect to distinguishing benign from malignant (Table 4) .
When using ultrasonography in their own practice, clinicians also should consider that image quality and accuracy of pelvic ultrasonography are both equipment-and operator-dependent. 39, 40 Prospective trials that report on the accuracy of ultrasonography in discriminating benign from malignant adnexal masses are typically undertaken under optimal conditions using contemporary high-resolution equipment with a limited number of experts performing and interpreting the scans. As such, the accuracy reported in these studies may be higher than that seen outside of this controlled environment.
To overcome some of the subjective elements of interpretation and improve reproducibility, a variety of morphologic scoring systems have been developed and evaluated either alone or in combination with color flow Doppler or select patient characteristics or both. [41] [42] [43] [44] [45] [46] Sonographic findings are documented and weighted according to the strength of their association with malignancy. Relevant anatomic details of the most extensively characterized scoring systems typically includes: wall structure ranging from smooth to papillary projections of variable size; presence of septa ranging from thin to thick; and echogenicity ranging from sonolucent to highly echogenic. Cut-off values are assigned that categorize masses as either malignant or benign and, in general, thresholds that favor sensitivity will compromise specificity. 31 Select scoring systems have been validated by prospective studies. The most extensively evaluated is the Sassone scoring system (Fig. 1) . A comprehensive meta-analysis prepared for the Agency for Healthcare Research and Quality indicates a pooled sensitivity of 86% and specificity of 77% in distinguishing the benign from malignant adnexal mass using that scoring system. 2 Despite different designs, several purely sonographic scoring systems performed fairly similarly when simultaneously applied to the same study population. 2, 47 In general, positive predictive values are lower and negative predictive values are higher when scoring criteria are applied to premenopausal populations. 2 Three-dimensional ultrasonography has been less extensively studied, but initial reports suggest possible improved performance compared with two-dimensional ultrasonography. 48 -52 The sensitivity of threedimensional ultrasonography for identifying malignancy among women with an adnexal mass ranged from 78 -100%. Reported specificities that range from 78 -92% and negative predictive values of 95-99% are generally improved as compared with those of twodimensional ultrasonography. These findings suggest that three-dimensional sonography is more accurate and may be appropriate in the further triage of the intermediate-risk adnexal mass identified by twodimensional imaging.
Inherent limitations in the specificity of ultrasonography imaging relate to the overlap in the morphologic characteristics of benign, borderline, and malignant masses. 53 Color Doppler ultrasound imaging adds another dimension of information by providing an assessment of tumor vascularity. Malignant neoplasms recruit blood vessels through angiogenesis that are lower-resistance and higher-flow than vasculature associated with normal ovaries or benign neoplasms. The resistance index, the pulsatility index, and the maximum systolic velocity are parameters that objectively quantify vessel flow characteristics to distinguish high-and low-resistance vessels. The addition of Doppler interrogation of adnexal masses appears to offer improved specificity over two-dimensional ultrasonography 2 (Table 4) . However, as with two-dimensional ultrasonography, a spectrum of vascular patterns exists and there are inherent overlaps in flow characteristics that are also reported in benign, borderline, and malignant neoplasms. 46 Figures 2A and 2B illustrate the application of two-dimensional and three-dimensional ultrasound technology with Doppler flow studies for evaluation of a 73-year-old menopausal women presenting with a large left adnexal cystic mass. Doppler interrogation demonstrated blood vessels and blood flow in the septa, suggestive of malignancy. Surgical exploration and excision revealed a serous cystadenoma.
Although ultrasound scoring systems and Doppler studies have the potential to improve diagnostic accuracy and reduce the subjective elements of interpretation, in clinical practice they are not used consistently among radiologists and often they are not used at all. At present, most ultrasound reporting of adnexal masses is purely descriptive. Moreover, descriptive language in ultrasound reporting is not standardized. Clinicians who rely solely on descriptive ultrasound reporting, however, may allow bias in their decision-making based purely on nuance of language. For this reason, it is the authors' opinion that clinicians should consider adopting the practice of additionally personally reviewing ultrasound images in question as they make their clinical correlations.
Additional Imaging Modalities
Because of much higher cost, other imaging modalities such as contrast-enhanced magnetic resonance imaging (MRI), computed tomography, and positron emission tomography are not recommended for the initial evaluation of adnexal masses. However, these modalities may play a role for selected indications. Magnetic resonance imaging distinguishes subtle differences in tissue signals and provides enhanced anatomic detail over traditional gray-scale pelvic ultrasonography, and also offers the ability to characterize nonadnexal pelvic pathology. Studies evaluating its performance in the discrimination of adnexal masses are numerous and suggest somewhat improved specificity over ultrasonography, with a pooled specificity reported at 87%. 2 Thus, MRI also may play a role in the additional investigation of the intermediate risk adnexal masses identified by two-dimensional ultrasonography.
Although computed tomography imaging allows some morphologic detail of adnexal masses, its most common application is in the evaluation of a woman with a known adnexal mass in which additional imaging of abdominal and pelvic organs are needed. These cases occur most commonly when cancer or nonadnexal pathology is suspected.
Serum Biomarkers: CA 125
The most extensively investigated serum marker for ovarian cancer is the CA 125. Tissues derived from coelomic epithelium produce the antigen CA 125, and serum levels of this antigen are elevated in 80% of women with epithelial ovarian cancer. 54 The CA 125 antigen is also expressed by various other pathologic and normal tissues of mullerian origin, and thus serum values can be elevated in a number of unrelated gynecologic and nongynecologic conditions such as endometriosis, pregnancy, and pelvic inflammatory disease. As such, it has a low specificity, especially in premenopausal women. In premenopausal women with a pelvic mass, the positive predictive value at cut-off thresholds more than 65 units/mL was 49%, with specificity and positive predictive values significantly higher at higher CA 125 cut-offs and in the postmenopausal population. 55 The sensitivity of the CA 125 is also limited in that it is elevated in only 50% of stage I epithelial ovarian cancer and it is not as commonly elevated in nonepithelial ovarian cancers, such as germ cell and stromal tumors as well as nonserous epithelial subtypes. 2, 55 Studies have demonstrated that sensitivity for detecting malignancy in the screening setting is improved when analyzing interval change using serial CA 125 measurements with reference to an individual's baseline CA 125 level.
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Other Biomarkers Combinations and Proteomics
A variety of serum proteins have been identified that have been considered for their potential for detecting ovarian carcinoma, either alone or in combination with CA 125. Proteomic technology also has been investigated to determine if serum protein profiling patterns could be used to distinguish between cancer and benign masses.
OVA1
In September 2009, the Food and Drug Administration approved a serum-based test called OVA1 (multivariate index assay) "as an adjunct to clinical decision-making for women 18 years and older who are planning surgery for an adnexal mass." 59 The test combines the five separate serum protein marker results as well as menopausal status into a single numerical score between 0 and 10 to indicate the likelihood that the pelvic mass is benign or malignant. For approval, the Food and Drug Administration reviewed a study of 516 patients, including 269 evaluated by nongynecologic oncologists, which compared multivariate index assay results with surgical results. 60 When combined with presurgical information, such as radiography and other laboratory tests, results from the multivariate index assay test identified additional patients who might benefit from oncology referral who were not identified using presurgical information alone. It is important to emphasize that it is not approved for ovarian cancer screening and is not intended to replace clinical judgment as a stand-alone test. Confirmatory studies are underway. The cost of the multivariate index assay test is approximately $650 and also must be considered when deciding among diagnostic tests. Other serum bio-markers, such as ␤-human chorionic gonadotropin (hCG), lactate dehydrogenase, and ␣-fetoprotein may be elevated with select germ cell neoplasms, whereas inhibin A and B may be elevated in granulosa cell tumor of the ovary.
GENERAL DIAGNOSTIC CONSIDERATIONS
An accurate pretest probability is essential to subsequent management. Consequences of an inaccurate pretest probability include subsequent poor test selection, poor interpretation of results, and, ultimately, diagnostic and management error. The probability of harboring malignancy is refined using available clinical, genetic, and epidemiologic risk factors, in conjunction with index diagnostic testing. Cases of very low clinical risk identified to harbor an adnexal mass of moderate complexity on imaging studies may not require further testing. However, cases of intermediate clinical risk with the same imaging study findings may be triaged to further testing to optimize diagnostic sensitivity or possibly even surgery. The following discusses additional diagnostic considerations in the patients at low, intermediate, and high risk who are identified to harbor an adnexal mass.
Low-Risk Adnexal Masses
If both pretest probability assessment and imaging studies demonstrate an adnexal mass with a low probability of malignancy, then additional tests with low specificity are to be avoided. Such tests are associated with a high rate of false-positive results without appreciable improvements in sensitivity; moreover, false-positive test results often compel clinicians to pursue confirmatory studies that are expensive as well as stressful to the patient. Therefore, whereas inexpensive and noninvasive, the injudicious use of low-specificity tests such as CA 125 in a low-risk setting (ie, premenopausal women) may ultimately be costly without adding clarity.
Intermediate-Risk Adnexal Masses
Perhaps the most challenging from a decision-making standpoint are cases of intermediate risk for malignancy. The entities on the differential diagnosis for the intermediate risk mass are broader. Whereas most indeterminate masses still result from common benign conditions, a subset will represent cancer. For optimal clinical decision-making in this setting, it is particularly essential to have an accurate understanding of the pretest probability and the inherent accuracy of the diagnostic test.
A large proportion of intermediate-risk adnexal masses represent benign entities. Tests with greater specificity allow point-of-care triage that may obviate the need for surgery that would otherwise be purely for diagnostic purposes; in the case of malignancy, however, they would potentially offer a more timely diagnosis than a "wait and watch" strategy of interval ultrasound re-examination. In select individuals, three-dimensional ultrasonography or MRI, with reported improved specificity and negative predictive value as compared with two-dimensional ultrasonography, may be potentially useful to further triage the intermediate-risk adnexal mass. Additionally, tumor markers such as CA 125 may be selectively obtained, particularly in the postmenopausal population in which specificity is higher. Alternatively, surgical evaluation can be considered if the perceived risk for malignancy justifies this intervention.
High-Risk Adnexal Masses
In high-risk settings in which active intervention is likely if an anticipated condition is confirmed, diagnostic studies that favor high negative predictive values are preferred. If, however, there is sufficiently high risk, then additional diagnostic studies may not be necessary and clinicians may wish to proceed with studies most relevant to surgical planning or gynecologic oncology referral.
THERAPEUTIC APPROACH
When considering management, it is again useful to consider low-risk, intermediate-risk, and high-risk categories based on clinical assessment and diagnostic studies. Although accepted definitions for low, intermediate, and high probability for malignancy do not presently exist, clinicians must carefully weigh perceived risks and benefits when they consider appropriate thresholds for surgical intervention in any given individual. It is emphasized that thresholds for surgical intervention are relative and the risk of a delayed diagnosis must be weighed against the risks as well as personal and financial costs of over-testing and over-intervention in any given individual.
LOW-RISK ADNEXAL MASS (NO SURGICAL INTERVENTION)
Asymptomatic adnexal masses that have a low probability of representing a malignancy (less than 1%) may be managed without intervention. In women with suspected benign masses in whom nonoperative management is elected, interval follow-up testing is typically recommended. In general, the purpose of a follow-up protocol is to capture prevalent disease that was missed by imperfectly sensitive diagnostic tests, to identify benign lesions that progress into something biologically significant (ie, transition into cancer), and to help avoid over-treatment of biologically insignificant lesions (ie, asymptomatic, benign, or inactive ovarian cysts). There are limited comparative data specifically evaluating either timing or method of follow-up in women with adnexal masses who are managed without active surgical intervention. In the absence of evidence when deciding among follow-up options, the purpose of a follow-up protocol must be analyzed in the context of the entities on the differential diagnosis and the anticipated outcomes.
Simple ovarian cysts have a low risk (less than 1%) for harboring malignancy. 2, [61] [62] [63] [64] [65] Whether simple ovarian cysts represent benign neoplasms, inclusion cysts, or functional cysts, the biologic potential and natural history of the simple ovarian cyst have been characterized through morphologic, molecular epidemiologic, and prospective observational screening studies. Central to a debate on the nonsurgical management of the unilocular ovarian cyst is the question whether epithelial ovarian cancer arises as a de novo event or represents a transition from a pre-existing benign epithelial cyst. If benign epithelial ovarian neoplasms were thought to represent precursor lesions or in any way indicate increased risk for malignancy, then the threshold for surgical intervention for a given simple cystic adnexal mass would be greatly influenced by this association.
Numerous studies have carefully analyzed the histologic and genetic features of established epithelial ovarian neoplasms and normal ovaries removed from women at high risk with a history of hereditary ovarian cancer to determine whether common features such as serosal inclusions, epithelial pseudostratification, and metaplasias represent precursor lesions. 10,66 -68 Whereas borderline epithelial cancer likely represents a precursor to type I epithelial carcinoma, such studies have not convincingly identified that benign epithelial ovarian cysts increase risk for ovarian malignancy. 9,10,66 -68 Further lending support to this theory are cohort and large prospective observational studies that indicate the removal of persistent simple ovarian cysts is not associated with a decrease in the proportion of expected deaths from ovarian cancer relative to other cancers, 69 and that monitoring of patients with unilocular ovarian cysts smaller than 10 cm without intervention is not associated with evidence of malignant transformation over the course of prolonged observation. [61] [62] [63] [64] [65] Thus, the present literature indicates that it may not always be necessary to surgically remove asymptomatic unilocular ovarian cysts thought to represent benign entities. Further, it implies that the purpose of a follow-up protocol in this setting is to capture prevalent ovarian cancer that may have been missed by imperfectly sensitive index diagnostic imaging studies, rather than that of monitoring for benign processes that may transform into malignant. Although studies may vary in length of follow-up, method of follow-up, and threshold for intervention, most studies reporting follow-up in women with unilocular ovarian cysts use interval ultrasonography at 3-to 6-month intervals, often in conjunction with repeat CA 125 testing. [61] [62] [63] [64] [65] Protocols using repetitive ultrasound examinations at intervals of 3-to 6-month examinations appear quite safe 2 and cancers identified during follow-up are rare (less than 1%).
Although it is implicit that interval imaging ultrasound studies may be discontinued after documented resolution of an ovarian cyst, there are no established guidelines for when to discontinue imaging evaluations in unilocular ovarian cysts that have proven stable with respect to size and morphologic characteristics during repeat interval evaluations. However, if the purpose of this follow-up is to capture prevalent disease (ovarian cancer) that was missed by an imperfectly sensitive index test rather than monitoring for possible progression of a benign lesion to that of a malignant neoplasm, then a limited series of repeat diagnostic tests should sufficiently increase the diagnostic sensitivity of that test to safely exclude a malignancy with acceptable reliability. 70 Although there are no established guidelines in this regard, it is the authors' opinion based on these data that one or two ultrasound examinations at 3-or 6-month intervals, provide sufficient diagnostic sensitivity for follow-up of a simple unilocular ovarian cyst that are stable or decreasing in size. Limited serial CA 125 also may be considered if clinical indicators otherwise suggest potential increased risk. Patients triaged to this strategy may harbor fear and misconceptions, and it is imperative that the clinician provide consistent and clear information, perhaps reinforced by informational written material, to reassure them regarding the biology of their ovarian cyst and the safety of the clinical plan. In the authors' opinion, effective patient education regarding the low-risk adnexal mass virtually can eliminate surgery performed solely to relieve patient or family anxiety.
In the case of significant morphologic change during follow-up, surgical intervention may be warranted. Unfortunately, thresholds to define significant morphologic change have not been defined. When establishing expectations for and interpretation of interval follow-up studies, it is instructive to consider the natural history of unilocular ovarian cysts as defined by longitudinal ultrasound studies in both the premenopausal and postmenopausal populations.
Premenopausal Population
Adnexal masses thought to represent functional or physiologic cysts in premenopausal women involute in a variable period of time, typically resolving in less than 3 months. 71 Whereas oral contraceptives do not hasten the resolution of functional cysts, 72 they may play a role in reducing possible symptoms of pain and menstrual irregularities as well as in enhancing the interpretability of follow-up imaging studies through ongoing ovulation suppression. 73 
Postmenopausal Population
Among a cohort of 15,735 women undergoing 4 years of transvaginal ultrasound screening from the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial, 54% of identified cysts remained unchanged and 34% resolved spontaneously at 1 year. 65 Although 12% of women had morphologic change develop, there were no invasive ovarian cancers identified that were attributable to the identified index unilocular cyst. Moreover, an 8 -12% annual incidence of new simple cysts was documented among postmenopausal women, and this is consistent with other published data. 74 Taken together, these data suggest that a protracted follow-up protocol that uses multiple interval imaging studies may increase the probability of invasive intervention without necessarily improving diagnostic ability as it relates to the end point of interest: detection of ovarian cancer.
INTERMEDIATE RISKS ADNEXAL MASS (POSSIBLE SURGICAL INTERVENTION)
For women with intermediate-risk adnexal masses based on careful consideration of baseline risk and results of diagnostic testing, greater scrutiny of the trade-off in risk for intervention compared with nonintervention is necessary. There is a nonnegligible risk for malignancy (more than 1%) that can be stratified based on careful consideration of baseline clinical risk factors and results of diagnostic testing. The majority of adnexal masses of intermediate sonographic complexity are benign and often represent endometriomas, hemorrhagic cysts, hydrosalpinges, and benign neoplasms. However, a small proportion will represent malignancy. The potential for malignancy and consequences of a delay in intervention for significant pathology as well as the cost and potential morbidity associated with surgery, if performed only for diagnostic purposes, need to be considered.
When managing the intermediate-risk adnexal mass, the fear of a delay in the diagnosis of an ovarian cancer strongly influences clinical decision-making. Therefore, it is appropriate to understand the potential consequences of a delay in diagnosis. Cure rates for ovarian cancer are significantly higher when detected in early stages; as such, a delay in diagnosis of a potentially stage I ovarian cancer is never desirable, particularly in the case of epithelial ovarian cancer. However, stage I epithelial ovarian cancer is difficult to capture, as illustrated by a recent screening trial of more than 34,000 women in whom 79% of invasive epithelial ovarian cancers detected during annual screening efforts had already metastasized. 35 By contrast, the majority of borderline ovarian carcinomas identified in this study were early stage, thus emphasizing the differences in the biology of these two entities and again underscoring the observation that screening programs are biased to identify masses with indolent biology that are relatively stable. Further lending insight into the difficulty in detecting ovaryconfined type II invasive epithelial ovarian cancer are modeling studies that have attempted to estimate the preclinical natural history of serous ovarian carcinoma. Type II epithelial ovarian carcinoma appears to arise as a de novo event, rather than through malignant transformation of a benign precursor lesion; moreover, it is estimated that 90% of the duration of ovary-confined disease (and therefore of the opportunity for early detection) occurs at a lesion diameter of less than 0.9 cm. 5 If already metastatisized, it is assumed that diagnosis of epithelial ovarian cancer at an earlier time point and at a lower burden of tumor will improve the success of treatment; however, the magnitude of survival effect with earlier detection of advanced disease is not yet fully defined. 35 For women with benign masses, there are also theoretical benefits to surgical excision in the absence of symptoms that may include preventing acute events that may necessitate emergent adnexal surgery. One such condition is ovarian torsion (commonly associated with benign neoplasms, such as cystadenoma or teratoma). Another may be spontaneous cyst rupture (as with mature cystic teratoma, endometrioma). The potential consequences of torsion and cyst rupture, such as hemorrhage and peritonitis, are well-described. In the setting of mature cystic teratoma, intraperitoneal leakage of sebaceous material may result in a dramatic chemical peritonitis. 75, 76 Although it is clear that these events are rare among the population of women harboring a benign adnexal mass, the true risk for torsion and spontaneous rupture attributable to an adnexal mass is unknown because the true population prevalence of adnexal masses is unknown. However, in the case of ovarian dermoid, the reported 15-28% rate of iatrogenic intraoperative rupture and potential associated peritonitis reported in the literature arguably far exceeds the risk for spontaneous rupture. 76 Whereas benign epithelial neoplasms do not appear to increase risk for epithelial ovarian carcinoma, mature cystic teratoma and endometriosis are benign entities that are associated with an increased risk for subsequent malignancy. Malignancy is reported in 0.17-1% of patients undergoing surgery for these conditions [77] [78] [79] ; however, the true risk for malignant transformation among the population of women with these conditions is again unknown, as is the overall impact of surgical excision for preventive purposes in this setting.
Surgical Morbidity and Mortality
Central to any decision-making regarding thresholds for adnexal surgery performed for these purposes is an understanding of both the morbidity and mortality risks from surgery. Risks for surgical morbidity and mortality are influenced by a number of variables including: patient characteristics of age and comorbidities; mode of surgery (laparoscopy compared with laparotomy); extent of surgical procedures performed; and diagnosis (cancer compared with benign pathology). Overall mortality risk identified through the Nationwide Inpatient Sample discharge data for laparoscopic management of adnexal masses is low, ranging from 0.2% to 2.3%, whereas rates with mortality risk are higher for laparotomy, ranging from 0.6% to 14%. 2 Whereas rates for mortality identified appear low, operative complications, such as hemorrhage, organ injury, and conversion to laparotomy, occurring are reported in 1.7-22% of women undergoing laparoscopy for an adnexal mass.
2
Extent of the Surgery
If surgery is undertaken, then the approach and extent of the procedure must also be considered carefully to minimize morbidity risk.
Laparoscopy compared with laparotomy
Laparotomy is typically performed for adnexal masses that are highly suspicious for cancer to facilitate intact removal as well as anticipated surgical staging procedures. Laparoscopy, however, is associated with decreased surgical pain, shorter recovery time, and lower overall costs 80 and is appropriate for low-risk adnexal masses. For the intermediate-risk adnexal mass, the decision regarding surgical approach also may be influenced by technical factors that could hinder intact specimen removal, such as size or anticipated adhesions.
Cystectomy compared with oophorectomy
The choice between ovarian cystectomy and oophorectomy is typically a function of a number of factors, including preoperative diagnosis, patient age, desire for future fertility, and presence of symptoms. For low-risk lesions thought to be consistent with benign cystadenoma, mature teratoma, or endometrioma, ovarian preservation through cystectomy is reasonable, particularly in the premenopausal woman. For intermediate-risk adnexal masses in which a diagnosis of malignancy remains to be excluded, however, one must carefully weigh the risk of cyst rupture and the subsequent potential upstaging of the tumor with the potential benefit of preserving the involved ovary. In postreproductive and postmenopausal women with an intermediate-risk adnexal mass, unilateral salpingoophorectomy with frozen section is a reasonable initial approach. Subsequent surgical intervention is then influenced by the frozen section diagnosis.
The normal contralateral ovary
In the premenopausal woman for whom removal of a normal contralateral ovary has minimal risk-reducing or oncologic benefit, there are several clinical arguments in which preservation of the contralateral ovary is desirable. In addition to the known quality-of-life implications of surgical menopause, 81 overall subsequent mortality risk is increased by early surgical castration attributable to associated increases in cardiovascular mortality and hip fracture. 82 Thus, preservation of the contralateral ovary is desirable in the case of benign unilateral masses or benign bilateral processes amenable to cystectomy. Moreover, there does not appear to be appreciable oncologic benefit to removing a normal contralateral ovary in premenopausal women with select unilateral stage I germ cell, stromal, or borderline epithelial malignancies.
83-85
Frozen Section Accuracy
Operative decision-making is often dependent on intraoperative pathology consultation. Often decisions regarding additional surgical interventions, such as removal of the contralateral ovary, hysterectomy, or the necessity for staging, will be based on results from frozen-section analysis. The diagnostic accuracy of frozen section has been extensively studied. In a metaanalysis of 14 studies reporting on 3,659 women, acceptable sensitivities and nearly perfect specificities for benign lesions were documented. 86 Distinguishing benign from borderline ovarian tumor was accurate 95% of the time with the final diagnosis of benign, and frozen-section accuracy increased to 98% in distinguishing malignant tumor from benign. Diagnostic accuracy, however, was substantially less in distinguishing borderline from malignant tumors, with frozen section and final diagnosis in agreement in only 51% of cases. These analyses and others also identify a higher degree of inaccuracy with mucinous tumors as well as large masses. 87, 88 These reported uncertainties should be considered when operative decisions are based on these results. Personal dialogue with the pathologist at the time of consultation is recommended because it provides a much more detailed exchange of information that can be helpful to both parties involved.
HIGH-RISK LESION (SURGICAL INTERVENTION AND REFERRAL)
Adnexal masses that are suspicious for cancer based on clinical assessment, transvaginal ultrasonography, and serum tumor markers warrant surgical exploration. Studies have demonstrated that survival is higher in patients with ovarian cancer whose initial treatment was managed by gynecologic oncologists rather than other providers. 89 -91 Additionally, second operations for inadequate initial surgical staging or cytoreduction have substantial additive morbidity and cost.
To facilitate proper patient triage, the the College and the Society of Gynecologic Oncologists have published guidelines jointly for the referral of women with pelvic masses that may represent ovarian cancer. The published guidelines for consultation or referral of women who have a pelvic mass that is suspicious for a malignant ovarian neoplasm, as suggested by at least one of the following indicators 92, 93 In separate validation studies, as expected, the College-Society of Gynecologic Oncologists guidelines performed well in predicting advanced-stage ovarian cancer because of the nature of advanced-stage disease. 94 However, the guidelines do not perform as well in identifying early-stage disease, especially in premenopausal women, and emphasize the need for further risk stratification based on all available clinical indicators.
CONCLUSIONS
We have outlined our conceptual approach in the management of the adnexal mass. Development of an effective strategy for the evaluation of any clinical condition requires good evidence of the prevalence of the condition at the first diagnostic encounter, knowledge of the biology and natural history of the entities on the differential diagnosis, and understanding of the accuracy of the diagnostic tests to be used. The majority of adnexal masses are benign, with only a subset representing malignant processes. Timely and appropriate intervention for malignant processes must be balanced against the risk for over-testing and over-intervention.
Most malignant neoplasms occurring in the premenopausal populations of women are borderline epithelial, germ cell, or stromal cancers, with a large proportion of patients presenting with bulky and often symptomatic early-stage disease. By contrast, the majority of ovarian cancer deaths are caused by type II serous epithelial cancer, which has a substantially more limited preclinical natural history, often disseminating rapidly before clinical detection. Two-dimensional transvaginal ultrasonography is a sensitive and inexpensive diagnostic tool in the initial evaluation of the adnexal mass; however, the somewhat improved specificity and negative predictive values reported for three-dimensional ultrasonography and pelvic MRI have utility in the further triage of the intermediate risk adnexal mass. Tumor markers may be selectively obtained; however, CA 125 testing in low-risk settings and in premenopausal women may reduce specificity in the overall diagnostic evaluation without improving sensitivity.
Substantial evidence exists that simple unilocular cysts may be managed without intervention using a limited series of interval repeat imaging studies to assess for resolution or stability in size and morphologic characteristics. Intermediate-risk adnexal masses are the most problematic diagnostic and management challenges as the entities on the differential diagnosis are broader and risk for malignancy is increased. For appropriate triage and management, careful consideration of clinical risk, accurate interpretation of diagnostic testing, and greater scrutiny of the trade-off in risk for intervention compared with nonintervention is neces-
